Abstract Microbes are the major cause for the hospitalacquired infections which lead to prolonged illness, disability or even death. The increasing microbial resistance calls for the search for newer drugs. Evolving nanotechnology in drug delivery produces drug action in lesser amounts and with several times more potency. In the present work, we have synthesized AgNPs using the aqueous extracts of Amaranthus dubius, Amaranthus polygonoides, Alternanthera sessilis, Portulaca oleracea, Pisonia grandis, and Kedrostis foetidissima. Sonication method yielded a facile and rapid method of biogenic synthesis of nanosilver. The TEM images revealed the synthesized AgNPs to be of size ranging between 6 and 23 nm without agglomeration. Antifungal activity of the synthesized AgNPs against C. albicans and S. cerevisiae carried out by agar well diffusion method showed good zones of inhibition disclosing the antifungal potential of the biogenic silver nanoparticles.
Introduction
The range and burden of infectious diseases have decreased the socioeconomic progress of India. Infectious diseases caused by faecally transmitted pathogens (enteric fevers, cholera, hepatitis A and E viruses) and zoonoses (rabies, leptospirosis, anthrax) are not in the process of being systematically controlled. Microorganisms which bind to the host cell targets promoting host responses cause these diseases [1, 2] .
Candida albicans causing candidiasis can be classified as superficial (vaginal thrush, oral and chronic mucocutaneous) and deep-seated (Candida myocarditis and Candida septicemia) and is one of the major clinical problems in India [3] . In United States, C. albicans is the causative of the fourth most hospital-acquired infection and US $1 billion has been spent for the treatment annually. Progress of an infection leads to growth of fungal masses in the brain, heart and kidney contaminating indwelling catheters and finally enters the blood stream causing candidaemia. The dimorphic transition from yeast to mycelia form leads to the pathogenicity [4, 5] .
A different but important problem is C. albicans infection in facial prostheses, which is made of silicone. This prostheses coated with AgNPs preserved the fibroblast cells from fungal infection compared to that of uncoated silicone prosthesis. The silicone coated with AgNPs (50 mg/L) is non-toxic to fibroblast cells, whereas silver nitrate coating produces a toxic effect. Therefore, silicone coated with AgNPs is biocompatible and it is the fitting method to prevent fungal infection in patients with maxillofacial prostheses [6] .
Saccharomyces cerevisiae (Baker's yeast) is an organism preferable for the genetic research in this century. Preference of this single-celled eukaryotic species in research owes to its simple life cycle, short generation time, alternating haploid and diploid phases and easy-toidentify meiotic products. To gain deep understanding about organizing and regulating eukaryotic cells, microbiologists analyze genes by advanced technology. Genomic response to nanoparticles is used to assess toxicological impact at genetic levels using S. cerevisiae as a model eukaryote [7] [8] [9] [10] .
Silver, though toxic in nature, has good antimicrobial properties. Nanoparticles hold unique antimicrobial, optical and electrical properties and therefore find applications in various fields [11] . AgNPs own rich therapeutic properties. These motivate the researchers to extensively take up study on AgNPs. Therefore, the focus is on identifying silver nanoparticles as agents for fungal threats.
Production of silver nanoparticles is through various physical, chemical and biological methods [12] . Biogenic synthesis of AgNPs is more rewarding than conventional methods as it is freed from use of toxic solvents, high pressure and temperature. Preference is because of its ecofriendly nature, cost-effectiveness and ease of scalability for large-scale production [13, 14] . Plants are the major sources of therapeutic metabolites. There are reports on the synthesis of AgNPs using bacteria, fungi and plant extracts. But the advantage of quicker synthesis makes plant extracts an excellent choice for AgNPs synthesis. In the medical field, the most exploited nature of silver nanoparticles is the antimicrobial properties of AgNPs [15, 16] . Therefore, the present work aims at exploiting the medicinal value of these secondary metabolites in plants in the synthesis of AgNPs.
In our present work, preparation of AgNPs was through use of different plant extracts under sonication method. Considering the clinical problems, there is a need to provide a solution to the fungal threats. Therefore, it is aimed to explore the antifungal activity of AgNPs against C. albicans and S. cerevisiae by well diffusion method. The prepared AgNPs showed good zones of inhibition compared to that of the standard. The synthesized AgNPs presented minimum inhibitory effect against the tested fungi at a concentration of 200 lg.
Materials and Methods

Materials
Green leafy vegetables (Amaranthus dubius (AK), Amaranthus polygonoides (SK), Alternanthera sessilis (PGK), Portulaca oleracea (PAK), Pisonia grandis (PG) and Kedrostis foetidissima (KF)) were purchased from a retail shop in Coimbatore. Analytical grade silver nitrate was purchased from S D fine chemicals, India. Millipore water was used throughout the experiments.
Preparation of aqueous extract
The triply washed aerial portion (20 g) of the six plants (AK, SK, PGK, PAK, PG, and KF) cut into small pieces was boiled with 100 ml doubly distilled water. The solutions were separately filtered through Whatman filter paper and refrigerated.
Synthesis of silver nanoparticles
Silver nitrate (3 mM) and calculated volumes of plant extract were sonicated in a ultrasonic bath (Ultrasonics 1.5 L (H)). The formation of AgNPs indicated by reddish brown color was monitored by UV-visible spectroscopy. The formed nanosilver was centrifuged at 13,000 rpm for 15 min to remove the plant debris.
Characterization of synthesized silver nanoparticles
The synthesized AgNPs were analyzed by UV-visible spectroscopy using a Double beam spectrophotometer-2202 (Systronics). XRD analysis was carried out for the nanosilver coated on a glass substrate by X'pert Pro X-ray diffractometer and the particle size was calculated using Debye-Scherrer's equation. The morphology of AgNPs was sighted by Scanning Electron Microscopy TESCAN with Vega TC software. The nanodimension of the synthesized AgNPs was established through recording TEM images using FEI's Tecnai TM G 2 Transmission Electron Microscope. The imaging of the sonicated AgNPs was enabled by depositing a few drops of suspension on a carbon film 200 mesh copper grid of 2.8 mm diameter and the solvent was evaporated prior to recording TEM.
Microorganisms used for the study Antifungal activity was carried out for the biosynthesized AgNPs by agar well diffusion method against clinically isolated fungi Candida albicans and Saccharomyces cerevisiae.
Antifungal screening
The inoculums for the experiment were prepared in fresh Sabouraud's broth from preserved slant culture. Standardization of the inoculum to McFarland standards was by adjustment of culture turbidity by sterile saline addition. A sterile cotton swab was dipped in the inoculum and streaked over the entire surface of medium. The inoculums were then left to dry at room temperature with the lid in closed condition.
Fungal strains (Candida albicans and Saccharomyces cerevisiae) were inoculated into the broth under aseptic condition and incubated at 35°C for 18 h. After the incubation period, the fungi were swabbed on the agar plate using a sterile cotton swab. Each fungus was swabbed separately and each plate was divided into six parts. Wells (6 mm) were made on Muller Hinton Agar plate using a sterile cork borer under aseptic condition. The AgNPs (600 lg/20 ll) biosynthesized using 6 different plant extracts (AKG, SKG, PGKG, PAKG, PGG, and KFG) and Fluconazole (control) were loaded onto the marked wells using a micropipette and incubated at 37°C for 24 h. The zones of inhibition produced were recorded in millimeter. 
Results and Discussion
Addition of silver nitrate solution to the aqueous extracts of A. dubius, A. polygonoides, A. sessilis, P. oleracea, P. grandis, and K. foetidissima produced reddish brown color in 10-30 min (Fig. 1) . The results suggest 1:10 ratio of plant extract and silver nitrate to produce nanosilver for AK, SK, PGK, and PAK plant extracts and 1:1 ratio for PG and KF plant extracts. The variation in time for the formation of AgNPs may be due to the difference in the composition of the secondary metabolites present in the plant extracts. These metabolites act as capping agents and aid in the reduction of (Ag?) to (Ag0).
The aqueous extracts of blackberry, blueberry, pomegranate and turmeric at room temperature under vigorous stirring for overnight produce silver nanoparticles [17] . The color changed from green to brown for Murraya koenigii-assisted silver nanoparticles within 1 hour of incubation in darkness under room temperature [18] . The variation in the time of formation of AgNPs owes to the phytoconstituents present in the plant extracts used for the synthesis.
UV-visible spectral analysis Figure 2 portrays the UV-visible spectra of the synthesized AgNPs using six plant extracts. The SPR bands at 440, 448, 435, 445, 425 and 426 nm correspond to nanosilver synthesized using aqueous extracts of AK, SK, PAK, PGK, PG, and KFL, respectively. The broad Surface Plasmon Resonance band at 420-440 nm confirms the uniform distribution of AgNPs. The synthesized AgNPs observed for 3 months showed no discolouration or agglomeration suggesting its excellent stability. Figure 3 portrays the XRD patterns of the synthesized AgNPs using the aqueous extracts of A. dubius, A. polygonoides, A. sessilis, P. oleracea, P. grandis, and K. foetidissima. The diffraction peaks at 2h = 388, 448, 648 and 778 noted for the biosynthesized AgNPs, respectively, correspond to the (111), (200), (220) and (311) planes of face-centered cubic lattice of nanosilver. The additional peaks may be that of the capping agents or secondary metabolites present in the AgNPs solutions. The XRD data confirm the crystalline nature of the synthesized AgNPs formed using the plant extracts. Figure 4 clearly reveals the morphology of the nanosilver synthesized using different plant extracts. Spherical-shaped AgNPs of size in the range 30-90 nm with uniform size distribution were noted in the A. dubius, A. polygonoides, A. sessilis, P. oleracea, and K. foetidissima embedded nanosilver. The biosynthesized AgNPs were found to be evenly distributed without agglomeration.
XRD analysis
SEM analysis
TEM analysis TEM images of the synthesized AgNPs were recorded to ascertain its shape and size. These images further confirmed the formation of spherical AgNPs of uniform distribution without agglomeration (Fig. 5) . The particle sizes of the synthesized AgNPs were found to be 5-25 nm for AKG, SKG, PAKG, PGKG, PGG, and KFG. Nanoparticles of size less than 100 nm are anticipated to have high surface area and good antimicrobial activity. The TEM images reveal the prospective antimicrobial nature of the synthesized AgNPs. Antifungal screening of synthesized silver nanoparticles
The MIC results portray fungicidal potential of AgNPs at very low concentrations (Figs. 6, 7) . The inhibition of the fungal strains was greater than 50 % compared to standard Fluconazole (Figs. 6, 7) . The fungicidal activity depends on the yeast species and strains tested. Table 1 reveals the fungicidal activity to increase up to 600 lg concentrations of AgNPs and remains constant with increased dosage of AgNPs. This supports the standardization of concentration of the synthesized AgNPs (AKG, SKG, PAKG, PGKG, PGG, and KFG) in antifungal study.
The results of the antifungal activity of the synthesized AgNPs (20 ll) against C. albicans and S. cerevisiae showed good zones of inhibition compared to the standard Fluconazole (Fig. 8) . Portulaca oleracea-mediated AgNP synthesis possessed high zone of inhibition viz. 12 mm and 18 mm against C. albicans and S. cerevisiae, respectively (Table 2) . A. dubius, A. polygonoides, A. sessilis, and K. foetidissima aqueous extract-mediated AgNPs showed zones of inhibition similar to that of the standard.
The reduction in growth C. albicans was observed when concentration of polyvinylpyrrolidone (PVP)-stabilized silver nanoparticles (SNPs) was increased and the MIC value was found to be 70 ng/ml. This effect was similar to the MIC values of standard antifungal drugs (amphotericin-0.5 lg/ml, fluconazole-8 lg/ml and ketoconazole-8 lg/ml) [19] . Saccharides-AgNPs and sodium chloride-AgNPs Fig. 2 UV-visible spectra of silver nanoparticles synthesized using the aqueous extracts of AK, SK, PAK, PGK, PG, and KF Fig. 3 XRD patterns of silver nanoparticles synthesized using the aqueous extracts of AK, SK, PAK, PGK, PG, and KF exhibited MIC value of 0.052 mg/ml to 0.1 mg/ml and 2-4 mg/ml against C. albicans, respectively [20] . Vertelov et al. (2008) reported the Myramistin-stabilized silver nanoparticles to be active at MIC value of 5 mg/L against S. cerevisiae [21] . Sulaiman et al. (2013) reported E. chapmaniana-assisted nanosilver to possess good zone of inhibition (25 mm) at a concentration of 0.02 mmol/mL [22] . Silver nanoparticles (50 lg/ml) synthesized using banana stem [23] showed no significant antimicrobial activity against C. albicans. observed the MIC of AgNPs to be 0.21 mg/L (C. albicans) and 1.69 mg/L (C. parapsilosis) depicting appreciable antimicrobial activity [24] . The AgNPs synthesized using extracts of different parts of the same plant showed completely different antimicrobial effects [25] . The accomplishment of the aim of the present work is obvious when comparing the results of the antifungal activity of previous workers.
Analysis of the Apoptosis mechanism of synthesized AgNPs
The removal of damaged, mutated, unwanted or simply dispensable cells without an inflammatory reaction occurs due to the cellular suicide program termed apoptosis. This is a universally accepted cell elimination process in unicellular and multicellular organisms. The reactive oxygen species such as O 2 , H 2 O 2 and -OH are the vital regulators which played a key role in apoptosis. The apoptosis in C. albicans by silver nanoparticles takes place through phosphatidylserine exposure and DNA damage followed by the activation of metacaspases. The mitochondrial integrity get disrupts thereby inducing the release of Cytochrome-C and programmed cell death occurs through ROS accumulation particularly hydroxyl free radical [26] [27] [28] .
The unreacted silver ions in the silver nanoparticles or oxidized nanosilver play a main role in causing cell death against S. cerevisiae cells. The antifungal activity is unrelated to cell membrane. At 120 min time of exposure, AgNPs cause mechanical damage to membrane-bound transport proteins. During the later stages of exposure to nanosilver, the release of silver ions takes place. Hence, the antifungal activity of the synthesized silver nanoparticles mainly depends on the reducing agent, synthesis method, capping agent, nature of fungus, cell membrane and also size of nanosilver [29] [30] [31] [32] [33] .
Silver nanoparticles induce apoptosis mainly through generation of hydroxyl radical. Biogenic synthesis of AgNPs using the extracts of A. dubius, A. polygonoides, A. sessilis, P. oleracea, and K. foetidissima may induce apoptosis due to the generation of reactive oxygen species (hydroxyl radicals) as well the reduction in production of hydroxyl radicals by the capping agents surrounding the synthesized AgNPs. The plants opted for study are rich in antioxidant sources and secondary metabolites which serve as excellent capping agents. Nanosilver synthesized chemically or the chemical molecules capped on the AgNPs might have the toxicity effect which sometimes causes death to the normal cells. With plant-mediated synthesis of AgNPs, there is no toxic effect as in conventionally synthesized AgNPs. Normal yeast and threat and can find applications in medical and pharmaceutical fields.
Conclusion
Silver nanoparticles of particle size less than 25 nm were synthesized using the aqueous extracts of A. dubius, A. polygonoides, A. sessilis, P. oleracea, P. grandis, and K. foetidissima by sonication method. The TEM images revealed the size of synthesized AgNPs to be 5-25 nm without agglomeration. The antifungal activity of the synthesized AgNPs against S. cerevisiae was significant. Apoptosis of fungi by biogenic AgNPs may be because of the generation of reactive oxygen species and decreased production of hydroxyl radicals due to the phytoconstituents capping the synthesized AgNPs. Thus, the plant-mediated AgNPs hopefully may promote development of new drugs for future generation against the multiresistant pathogens.
